Abstract: In order to avoid too many tied games after playing the five-minute overtime period, the National Hockey League (NHL) introduced two rule changes in the 1999-2000 season. First, a team that loses in overtime receives one point instead of zero points. Second, the number of skaters in overtime is reduced from five to four. The theoretical literature analyzing these rule changes predicted that they would also produce the unintended side-effect that more games would reach overtime and recommended that a team that wins in regulation should receive three points (instead of two) in order to counterbalance the converse effect. We are the first to empirically support this theoretical prediction using NHL data and data from Swiss ice hockey, in which the rule changes of the NHL were copied in the 2006-2007 season and in which the three-point rule was also introduced. 
Introduction
In the National Hockey League (NHL), North America's top professional hockey league, league officials came to the conclusion during the 1990s that too many games were ending in a tie after overtime.
1 Based on the assumption that sports fans like to see a winner after devoting two or three hours to watching a game, the NHL decided to change the rules prior to the 1999-2000 season in order to maintain and increase the demand for its product.
Starting with the 1999-2000 season, a team that loses in overtime receives one point instead of zero points. It was conjectured that the old rule rewarded defensive play in overtime. Instead of playing offensively and risking a loss (zero points), teams would prefer to play defensively and secure a tie (one point). By treating ties and overtime losses symmetrically, the new rule was expected to increase the incentives for offensive play in overtime. Moreover, the number of skaters in overtime was reduced from five to four (plus the goal keeper). Removing a skater was likewise expected to promote offense, since four-on-four play increases the speed of the game, making defensive strategies more difficult to implement. As a result, the rule changes yielded the intended effect, when the percentage of overtime games ending in a tie fell. However, the rule changes also had a measurable converse effect 2 : The percentage of games reaching overtime rose. In order to mitigate this converse effect, alternatives to the rule changes implemented in the NHL have been proposed in the literature: Awarding three points for a win in the regulation time, the use of fouron-four play for a longer overtime period (e. g., from now 5 minutes to 10 minutes), and the introduction of a shootout after an undecided overtime have all been suggested. Most attention was given to the introduction of the three-point rule. Abrevaya (2004) , Longley and Sankaran (2007) , and Banerjee et al. (2007) all remark that awarding three points to the winner of a game after the 60 minutes of the regulation time would reduce the portion of games reaching overtime. Whereas Abrevaya's study solely suggests the three-point rule as a possible alternative, the latter two studies support their conclusions with their respective theoretical models. At the simplest level, the intuition leading to fewer overtime games through the introduction of the three-point rule can be stated as follows: By awarding three points to the winner for a game decided in the regulation time, the rule change simply increases the total available payoff from two to three points. The larger 'pie' transforms a win in the regulation time into a more desirable outcome. It follows that, by defining adequately observed pre-change periods and post-change periods for the NHL and the Swiss NL, the only remaining difference concerning the point-awarding system between the two can be reduced to the three-point rule.
Although supportive theoretical models are presented in the literature, the question whether the three-point rule really mitigates the converse effect finally remains an empirical one. We are able to provide the first empirical support for the theoretical predictions made in the literature concerning the effect of the three-point rule. It seems that the three-point rule contributes to damp the converse effect that more games reach overtime. Matched data from both leagues' regular seasons allow us to empirically compare and examine the two incentive schemes and to draw our conclusions. One point requires more consideration: the objective function of the league. Abrevaya (2004) discusses the objective functions of the different agents and states that more games reaching the overtime do not have to be a bad state for the league. In this sense, we do not know whether the indicated converse effect is really unintended from the perspective of the NHL. Independent of whether the effect was intended, the focus of this work lies in the analysis of the reasons for the behavior of the teams after the rule changes in the respective leagues and whether the theoretical predictions about this behavior were correct or not.
The paper is organized as follows. In the next section, we briefly review related studies. Thereafter, the rule changes in the NHL and the Swiss NL with their basic incentive effects are briefly explained. We then turn to the data comparison by presenting some descriptive findings of the different leagues, which we then supplement with the results of a probit regression analysis controlling for other factors that might influence the occurrence of an overtime. The final section concludes and reflects on the potential limitations of our approach. Abrevaya (2004) was the first to study the incentive effects of the rule changes in the NHL in 1999. 4 He analyzed these effects by identifying different scenarios and payoff distributions and applying decision theory. As a result, he showed that the rule changes yielded the intended effect, since the percentage of overtime games ending in a tie fell. However, the rule changes also had a converse effect: The percentage of overtime games rose. Longley and Sankaran (2007) proposed a general formal model of strategic behavior for the NHL. They added the insight that the decision to adopt an offensive or a defensive on-ice strategy crucially depends on a team's perception of its own strengths relative to those of its opponent. Their model shows that not all teams find it beneficial to adopt a defensive playing style during the regulation time after the rule change. However, they agree that more games reach overtime after the rule change, based on their theoretical model. Banerjee et al. (2007) developed a game-theoretic model that determines optimal team strategies under alternative overtime point-awarding systems for the NHL. All three publications finally come to the conclusion that awarding three points to a winner in the regulation time could mitigate the above mentioned converse effect. However, none of these works present empirical evidence to support the theoretical conclusions.
Literature
A number of studies have looked at the introduction of the three-point rule in football. For example, Guedes and Machado (2002) analyze the influence of the three-point rule on the attractiveness of the Portuguese first football division. While they do not find evidence that the three-point rule impacted on the proportion of tied games, they support the more general prediction of Longley and Sankaran (2007) that not all teams will adopt the same strategy after rule introduction. Inquiring into the German situation Dilger and Geyer (2009) deliver empirical evidence that the fraction of games ending in a tie significantly decreased after the introduction of the three-point rule in Germany. After developing a theoretical model predicting that the proportion of tied games should decline with the introduction of a three-point rule in football, Moschini (2010) finds empirical support for this prediction based on data from 35 countries.
Although most of the empirical results from football are in line with the expectation that the introduction of the three-point rule should reduce the number of tied games, the relevance of these findings is rather limited for the topic of our study. The reason is quite obvious: there is no post-regular time stage like an overtime in football!
The leagues and their changes
The NHL is North America's major professional ice hockey league. It is divided into two conferences, each with three divisions. Each division consists of five teams. The points gained during the regular season determine the standings of the teams. The best eight teams of each conference according to the respective standings enter the post-season (the playoffs) and compete with each other to win the Stanley Cup. Our sample period for the NHL consists of the regular seasons 1997-1998, 1998-1999 and 2005-2006 to 2008-2009. 5 The Swiss Ice Hockey National League (Swiss NL) is the major (semi-)professional ice hockey league in Switzerland. It is divided into National League A (NLA) and National League B (NLB). There are no conferences within the NLA or the NLB. Whereas the NLA is the top division of the Swiss NL, the NLB is the minor division, where most players are semi-professionals. Clubs are allocated between the two divisions at the end of every season based on sportive merit. Though these divisions are linked through promotion and relegation at the end of every season, their teams play a completely independent regular season and playoffs. As in the NHL, the points gained during the regular season determine the division standings of the teams, and the best eight teams according to the division standings enter their respective playoffs at the end of the regular season. The division standings dictate the seeding of teams in the playoffs. Teams compete directly with each other in their division for a slot in the playoffs. Therefore, every game has the same ex-ante importance for reaching the playoffs. In both leagues, the NHL and the Swiss NL, a regular season game lasts 60 minutes, divided into three periods of 20 minutes. A five-minute overtime period is played if regulation time ends in a tie.
The four rule changes addressed in this paper are as follows 6 :
Element 1: The winner in the regulation time receives three points (instead of two).
Element 2: The winner in overtime receives two points, but the loser receives one point (instead of zero).
Element 3: The winner in the shootout, which now follows a tied five-minute overtime period, receives two points and the loser one point.
Element 4: The number of skaters in overtime is reduced from five to four (plus the goal keeper). The incentive effect of element 1, the three-point rule, is linked to the increase of the total payoff for a game decided in the regulation time from two to three points. As a result, the potential 'pie' available for the two teams in regulation time and in overtime is identical. However, in regulation time, this entire 'pie' will be awarded to the winner. In terms of net points (relative to the opponent), a win in regulation time gives the winner three points to make a difference to his opponent. A win in overtime or after the shootout only makes a net difference of one point between the winner and the loser. While element 2, the overtime-loss rule, makes losing in overtime more attractive than losing in regulation time, element 1 makes winning in regulation time more desirable than winning in overtime. According to Longley and Sankaran (2007) , it is not beneficial for all teams to adopt an offensive strategy. The choice of the strategy depends on the team's own perception of its playing strength relative to the opponent. Teams perceiving themselves as weak may try to play defensively in order to reach overtime and obtain one 'secure' point. However, as the authors show, even with only two points awarded to the winner during regulation time, teams perceiving themselves as strong may have incentives to play an offensive style in overtime. These incentives to play offensively in regulation time may become even more pronounced with the introduction of the three-point rule. Whereas element 2 tends to encourage defensive strategies in regulation time for teams perceiving themselves as weak in order to avoid the zero-point payoff, element 1 sets incentives for an even more offensive playing style for teams perceiving themselves as strong. Element 2, called the overtime-loss rule, was changed because it was conjectured that the old rule rewarded defensive play in overtime. Instead of playing offensively and risking a loss (zero points), teams would prefer to play defensively and secure a tie (one point).
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With the introduction of element 3 ties are no longer possible. One team has to win, and the realized point difference will now be one point only, regardless of whether the decision is reached during overtime or through a shootout. This smaller point difference together with the absence of a possible tie is expected to increase the incentives for offensive play in overtime. Removing a skater during the overtime (element 4) is expected to produce a similar effect, since four-on-four play increases the speed of the game, making defensive strategies more difficult to implement.
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The introduction of element 3, the shootout, simply excludes the possibility of two teams earning one point each. It is clear that one team will win and improve its relative position compared to its opponent in the standings after the shootout. On the one hand, the teams perceiving themselves as strong should try harder to win the game during overtime as the shootout decision could be more stochastic. On the other hand, teams perceiving themselves as weak compared to the actual opponent during overtime could try to reach the shootout because their chance of winning could be higher in the more stochastic setting than in normal play during the overtime. 9 This inclination could even be enhanced by the perception that the weaker team has a high-performing shootout goal keeper or excellent shooters. These incentives induced by element 3 may be effective during the regulation time as well. Strong perceiving teams may reduce the likelihood of an overtime and the possible 'lucky' shootout and try harder to play an offensive style in order to win in the regulation time. Weak perceiving teams instead may already start playing defensively during the 7 See Abrevaya (2004: 295) . 8 In the NHL and the Swiss NL, both elements were introduced simultaneously. Abrevaya (2004: 298) , examined the effects of the separate introduction of element 2 and 4 in the American Hockey League (AHL). He figured out that the introduction of the overtime-loss rule as the only changed element increased the number of games going into overtime in that league. 9 Match data from the NHL combined with the match betting odds show that the probability that the ex-ante better team wins the shootout is lower than a win during the five minute overtime period. Albeit this difference is not big, it is an indication that the incentive effects might be effective for the teams.
regulation time, hoping for the assured point in the overtime and a possible win in the overtime or shootout where they may perceive to have more chances to win.
The considerations from above give reason to conclude that the introduction of all four elements together have the incentive effects the literature predicts: More games will be decided during the five-minute overtime period while the portion of games reaching overtime will stay stable.
After the changes
The rule changes in the NHL caused the effect that the percentage of overtime games ending in a tie 10 fell from 73.98 % in the pre-change period (1997-1998 to 1998-1999) to 55.91 % in the post-change period (2005-2006 to 2008-2009) .
11 However, the rule changes also had the discussed converse effect. Namely, the percentage of games reaching overtime rose from 20.34 % to 22.68 % after the rule changes.
12 After the rule changes, the percentage of games reaching overtime and ending in a tie after overtime dropped from 15.05 % to 12.68 %. This decrease would be higher if not counter-balanced by the described converse effect. The first rows in Table 2 summarize the mentioned numbers for the NHL. Despite the fact that we differ in the observation periods, these numbers are similar to those provided by Abrevaya (2004) .
One could argue that the statistic 'percentage of OT games ending in a tie' from Table 2 is superfluous to indicate after the introduction of the shootout as there is always a winner now. In the pre-shootout era, the statistic 'percentage of OT games ending in a tie' was meaningful, because it showed the league the extent to which it was still not getting its preferred result -i. e., no ties. Although this argument is true, this statistic is meaningful here as it is a good measure to compare the effectiveness of the two different pointawarding schemes on the originally intended effect.
The rule change in the Swiss NL mimics all mentioned rule changes in the NHL and additionally introduces the three-point rule. Theoretically, element 1 should counter-balance the effect that more games reach overtime. This is exactly what can be found in the data of the two divisions of the Swiss NL. Table 2 summarizes the figures for the NLA and the NLB. There are no tied games anymore. But our focus lies on the game status before the shootout. Games ending in a tie after the five-minute overtime play are still possible. 11 The difference is statistically significant with a p-value50.01. 12 The difference is statistically significant with a p-value50.05. 13 The NHL data is available on the NHL's web page (www.nhl.com). Match data for the NLA and NLB was provided by Christian Wassmer and Martin Merk (www.hockeystats.ch). One game was excluded due to missing data in the NLA and no games were excluded in the NLB and NHL for this statistic. A comment is needed concerning the observed data from the In the NLA, the percentage of games reaching overtime insignificantly decreased from 18.65 % to 18.63 % after the rule change. Therefore, the probability of a game reaching overtime has not been affected by the rule change. In this sense, the given numbers support the theoretical predictions that the introduction of the three-point rule let the portion of overtime games be stable. At the same time, the percentage of overtime games ending in a tie decreased from 69.41 % before the rule change to 53.42 % afterwards. This corresponds to a relative decline of more than 23 %, which is statistically significant (with a p-value50.01). There is a significant difference in the probability that an overtime game would end in a tie before and after the rule change. Table 2 also shows the percentages of games reaching overtime and games ending in a tie after overtime for the minor division of the Swiss NL, the NLB, before and after its rule change. The results are comparable to those in the NLA. The percentage of games reaching overtime after the rule change (2006-2007 to 2008-2009 seasons) slightly rose from 15.62 % to 15.86 %. However, this change is not statistically significant (with a p-value of 0.8875). Again, the numbers indicate what the theoretical models predict. The percentage of games ending in a tie after overtime shows a strong decline from 62.21 % to 47.83 % after the rule change in the NLB. This corresponds to a relative decline of more than 23 %. This decline is statistically significant (with a p-value50.05). In the seasons after the rule change, significantly fewer games were tied after overtime in the NLB.
As Table 2 reveals, the proportion of games reaching overtime is different for all three observed leagues, before and after the rule changes. This is due to the fact that we observe three independent leagues with slightly different rules, unequal rink sizes, different teams and an unequal number of teams. Differences in the proportions of games reaching overtime seem to be normal under these circumstances. On a more analytical basis, the competitive balance of the leagues can be seen as a major driver of different proportions of games reaching overtime. The more balanced a league is, the more teams have the possibility to win the championship. 14 In other words, a more balanced league provides a higher uncertainty of outcome of a game or of the final league standings. The three leagues have different grades of competitive balance. The NHL is a so-called closed league with various restrictions aiming to increase the uncertainty of outcome and enhance the competitive balance within the league (i. e., player draft rules, limited player trading, revenue sharing). 15 In contrast to the NHL, the Swiss NL is an open league with promotion and relegation on sportive merits and without provisions to influence competitive balance. A more balanced league is expected to have more games reaching overtime as a more unbalanced league. 16 The analysis of competitive balance with the standardized Herfindahl index of the three leagues indicates that -as expected-the NHL is the most balanced league whereas the Swiss NLB turns out being the most unbalanced league. This fact is reflected in the different respective proportions of overtime games in Table 2 .
Probit estimation analysis
So far, we have taken a descriptive look at the percentages of games reaching overtime or ending in a tie after overtime, conditional on the described rule changes in the NHL and in the Swiss NL. Importantly, the statistics of the Swiss NL show that the portion of games reaching overtime has not changed and that more games were decided during overtime after the rule change. We will now proceed with probit estimations to investigate whether the rule changes in the NHL and in the Swiss NL have had an influence on these percentages when controlling for other factors that might affect whether games reach overtime or the overtime decision. Following our reflections and findings from above, we expect that the rule change in the Swiss NL should have no influence on the proportion of games reaching overtime (the main focus of our analysis), while it should be influential on the portion of games decided in overtime. For the NHL, we expect the rule change to alter both, the portion of games reaching overtime and the portion of games decided in overtime. Model 1 is designed to reflect our main focus of analysis and regresses the percentage of games reaching overtime on the implementation of the new rules. In Model 2, the overtime games are analyzed concerning the effects of the implementation of the new rules on the decision during the overtime. 17 We estimate the two models based on the data from the NHL, the NLA, and the NLB. All variables are explained in Table 3 . The dependent variables of the two models, overtime and otwinner, indicate whether a game reaches overtime and whether the game is won by a team in overtime, respectively. Whether the game was played prior to or after the rule change is indicated by another dummy variable, newrule. According to our expectations, newrule should have a positive influence in Model 1 for the NHL but no influence for the NLA and the NLB. This means that the probability of a game reaching overtime should be positively affected by the rule change in the NHL when controlling for other factors. For the NLA and the NLB, the probability of a game reaching overtime should be unchanged after the rule change due to the incentive effects of the three-point rule. In Model 2, we expect a significant positive influence of newrule on otwinner in all three leagues. Since we talk about the outcome of a sportive contest, the most obvious factor determining a game reaching overtime or not is the relative playing strength of the opponents. It seems reasonable to assume that overtime is more likely in a game in which the opponents have similar playing strengths compared to a game in which there is a clear favorite and a clear under-dog. In order to model the relative playing strength we include the variable teamdifference which is the absolute value of the average goal difference of the whole season of the two opponents.
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To check for the robustness of the estimations results, we perform a similar estimation but with the variable winprobdiff as the measure for the competing teams' playing strengths. The winprobdiff is the absolute value of the difference in the winning probability of the home and the away team. Betting odds are used due to the feature of inhering all relevant information about the quality of the two teams in a game. We derive the winning probabilities from ex-ante betting odds that have been published for each game.
19 Unfortunately, the betting odds for the first observed NHL season (1997) (1998) ) and for all seasons in the NLB could not be obtained. Therefore, winprobdiff could not be calculated for all these games.
As outlined above, we assume that the greater the difference in the teams' playing strengths, the smaller the probability that this game reaches overtime. We therefore expect negative signs for the coefficients of teamdifference and winprobdiff in Model 1 for all leagues. In Model 2, however, we do not expect any influence of teamdifference or winprobdiff. The very short period of five minutes, the reduced number of skaters leading to increased speed of play, and the immediate end of the game in the case of a goal scored ('sudden death') all contribute to the introduction of random effects into the contest success function. Coincidence and luck mitigate the importance of relative playing strength and make the outcome more comparable to the result of a lottery.
The degree of competitive balance of the league in a given season could be a factor influencing the portion of games reaching overtime. In a more balanced league, more games are assumed to reach overtime. The rule changes might have influenced the competitive balance and the portion of overtime games may have changed. To check for this possibility, we control for the competitive balance and include the standardized Herfindahl index as a measure for the competitive balance in Model 1. 20 From the explanations above, we would expect a negative sign for the Herfindahl index in Model 1, meaning that a higher imbalance leads to less overtimes during the season. 21 For Model 2, we do not expect the Herfindahl to be influencing the decision of the overtime due to the same reasons outlined above for winprobdiff.
Furthermore, matchday controls for a time trend within a season as matches may be more important when held late in the season. For the NHL, the dummy variable indivision indicates whether the two opponents belong to the same division. The relative point difference between the teams of the same division is important for the conference standings (and therefore for the play-off seeding). Therefore, teams may adopt a different playing style when playing against a team from the same division compared to a team from a different division.
We specify the following regression equation for Model 1 for the NHL, the NLA, and the NLB:
where overtime kt ¼ 1 denotes that match k in season t reached overtime. In the second equation, teamdifference is replaced by winprobdiff and is only performed for the NHL and the NLA due to missing betting odds for the NLB:
The regression results of Model 1 are shown in Table 4 . 22 The results are in line with our expectations. In Model 1 for the NHL, newrule is statistically significant. This indicates that there is a statistically measurable effect of the rule change on the probability that a game reaches overtime. This fact holds for the estimation with teamdifference (column 1) and winbprobdiff (column 4) as an independent variable. For the NLA and the NLB, there seems to be no statistically significant effect that more games reach overtime after the rule changes. For all three leagues, the control variables winprobdiff and teamdif-20 The standardized Herfindahl index has for example been proposed by Brandes and Franck (2007) . It takes into account changes in the number of teams composing the league and makes the standardized index comparable over time. Indeed, the number of teams changed in all three leagues during the observed period. 21 The competitive balance may not only be altered due to major rule changes addressed in the paper but as well by other rule modifications explained in section 3. This further encourages the inclusion of a competitive balance measure. 22 Regression performed with robust standard errors. Due to missing betting odds data, 1,089 matches in the NHL and 20 matches in the NLA were excluded for the estimation of Model 1 (see columns 4 and 5). There is the possibility of correlation of outcomes across games due to team or even pair of team clusters (match opponents). We controlled for this possible correlation with clustered standard errors (home team and away team cluster and pair of team cluster). Although some inference values change due to the clustering, they do not alter our main statements.
ference have the expected negative signs when they are statistically significant. The HHIndex never is statistically significant.
For Model 2, the following regression equation is specified for the NHL, the NLA, and the NLB:
whereas otwinner ¼ 1 denotes that the overtime in match k in season t was decided before the end. The equation with the betting odds for Model 2 for the NHL and NLA is the following:
The estimations results of Model 2 are shown in Table 5 . 23 In Model 2, the estimations for all leagues speak the same language: As newrule is statistically significant, the rule changes induced a higher probability that a game is decided during the five-minute overtime period in all three leagues. The variables teamdifference and winprobdiff both are not statistically significant in Model 2. As we expected, it seems that the relative team quality does not influence the decision of the five-minute overtime period. Contrary to our expectation, HHNLB is significant and has a negative sign. Most importantly, the results of Model 1 and Model 2 support the theoretical predictions concerning the three-point rule when controlling for other factors. In the two Swiss leagues where the three-point rule is active together with the other changed elements, more overtime games get decided without more games reaching overtime. Although there is as well a smaller fraction of tied overtime games in the NHL after the rule change, the state without the active three-point rule is flagged by a higher portion of games reaching overtime. . This 'Swiss exception' is in the catalog of rule changes recommended in the literature in order to reduce the probability of more games reaching overtime after the introduction of the overtime-loss rule. Indeed, the theoretical predictions made in previous studies that the three-point rule will mitigate the original converse effect of more games reaching overtime are empirically 
